Using the path integral formalism, the fine structure and dynamics effects are taken into account for the broadening of spectral lines in a plasma. A compact expression of the dipolar autocorrelation function for an emitter in the plasma is derived for Lyman alpha lines with fine structure. The expression of the dipolar autocorrelation function takes into account the dynamics effects, which are represented by the time microfield autocorrelation function.
Introduction
The spectral line shapes of radiative atoms and ions in the plasma provide valuable diagnostic tools for a number of physical quantities, such as the density and temperature of charged particles, the transported radiative energy, and possibly the determination of electric fields [1] . The shape of lines in a plasma results from the interactions between the radiator and all constituents (neutrals, electrons and ions) of the plasma. With variable contributions depending on plasma conditions, causes of broadening are the Doppler effect, which is produced by the movement of the radiator, natural broadening, due to the finite lifetime of the atomic excited state, and what will be the focus of this paper, the Stark broadening which is due to the interaction between the radiator and the electric field of the two kind of perturbers (ions-electrons) [2] . This problem has been widely studied using the standard Hamiltonian approach of quantum mechanics. It started with the work of Baranger [3] , and Kolb and Griem [4] . In these classic papers on Stark broadening, the electrons are treated within the impact theory, and the ions in the quasi-static approximation. Both kind of particles having a Coulomb interaction with the radiator, the difference between ions and electrons is merely due to their velocity difference. For many plasma conditions, ions are slow enough to justify the use of a quasi-static approximation, but for hydrogen plasmas. In our investigation, we introduce an alternative method able to take into account the fine structure and the dynamics effects. This method is based on the Feynman path integral formalism [5, 6] which deals with electrons and ions on the same physical basis. The general frame for this formalism has been previously developped [7, 8] , but has then only be applied to the static ion case. Using this formalism, one can treat time-independent and time-dependent problems on the same footing, which is a real advantage over the standard Hamiltonian approach when solving time-dependent problems.
In this paper we retrieved the formula of the dipolar auto-correlation function common in the line broadening theory. Our derivation uses the Feynman path integral formalism. Since the mean time of the electron-emitter collision is negligible compared with the ion-emitter one, we shall replace the electron-emitter collision effects by a standard collision operator, whereas the ion-emitter collisions effects, via the dipole approximation, will be treated in the perturbative approach using the path integral formalism. Section 2 is concerned by with rather low density, and/or high temperature, this static approximation may however no longer be valid. The formulation of the dipolar auto-correlation function and in Section 3, we apply earlier results to the Lyman alpha line with fine structure in time-dependent electric microfield. Conclusion and perspectives are given in Section 4. of the radiator from which the spectral line shapes are generally deduced. The emitter is perturbed by ions and electrons treated as charged particles moving on classical paths. For a description of the radiator perturber interaction, it is usually sufficient to keep only the first term in the multipole expansion, using the so-called dipolar approximation. As quoted before, the effect of the electrons is usually treated with the impact theory by a collision operator. Our path integral approach could be applied to both electrons and ions. The electric microfield appearing in our formalism could thus be created by the electrons, the ions or both kind of particles. The usual start of spectral line shape theory is the general formula giving the radiation power [9] :
where is the auto-correlation function of the dipolar momentum of the emitter given by:
where 
As we are concerned in this work by the Lyman structure, we have in this case that the lower state ,    is degenerate, and we can, after using the representation 
Application to Lyman-α Broadening
In the case of Lyman alpha line with fine structure, the autocorrelation function can be written as: 
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and are the collision operators. 
where and nj is the spectra of the free atom including the fine structure.
The eigenfunctions of Dirac Hamiltonian in Coulombian field [10] are given by:
where i . depend on the spherical harmonics as: 
Let us compute first the matrix element which can be written as:
Replacing the propagator by its expression, integrating over and , and using the orthogonality of the wave functions we get : 
